This study was performed to investigate the distribution of vascular plants and the characteristics of naturalized plants in Dokdo Island, South Korea. The survey was conducted a total of 5 times from June 2012 to September 2013. The number of plants confirmed in this study was 60 taxa in total: 29 families, 49 genera, 55 species, 2 subspecies and 3 varieties. To classify them by regional groups, 53 taxa were confirmed in the Dongdo and 38 taxa were confirmed in the Seodo. Among them, the distribution of Stellaria neglecta Weihe and Puccinellia nipponica Ohwi was first discovered in this study. The naturalized plants distributed in Dokdo was 7 taxa: Chenopodium album L., Sonchus asper (L.) Hill, Sonchus oleraceus L., Ipomoea purpurea Roth, Brassica juncea (L.) Czern., etc. Overall, concerns over the naturalized plants in Dokdo are high regardless of the scale of their distribution and the appearance frequency.
Introduction
Dokdo is administered as an area of the Ulleung-eup, Ulleunggun, Dokdo-ri, Gyeongsangbuk-do and consists of two main islets called Seodo (Western Island) and Dongdo (Eastern Island) as well 89 surrounding small islets. The total area of the islets is about 187,554 square meters (Ministry of Foreign Affairs, 2013) . The Seodo is located at 37 14 0 30 00 N 131 51 0 54 00 E and the Dongdo is located at 37 14 0 26 00 N 131 52 0 10 00 E. Geographically, Dokdo is situated at a distance of 216.8 kilometers from Uljin-gun, Gyeongsangbuk-do. Ulleungdo Island is at a distance of 87.4 kilometers, while the distance to the Japanese island, Oki Islands, is 157 kilometers (Kong, 2007 , Hwang and Park, 2008 , Ministry of Foreign Affairs, 2013 . The topographic features of the island can be classified into three types: volcanic, coastal and weathering landforms (Hwang and Park, 2008) . And the island is mostly composed of volcanic rocks and pyroclastic sedimentary rocks (Jang and Park, 2008) . Dokdo has a moderate oceanic climate created by Kuroshio and Taiwan current from the South China Sea the warm and cold ocean currents from North Korea that come together near the islands, and thus it has average temperature is 12 C Lee, 2008, Ministry of Foreign Affairs, 2013) . According to Lee et al. (2010) , the average annual precipitation of Dokdo during the last 4 years (2005w2008) was 660.1 mm which is lower than that of Ulleungdo Island (1, 574.4 mm) by 914.3 mm as it is 42% of that of Ulleungdo Island. However, the percentage of Ulleungdo Island may have been measured relatively higher because the area of Dokdo (98.6 m) is smaller than that of Ulleungdo Island (984 m) and Dokdo is situated at lower altitude than Ulleungdo Island. Also, the annual temperature of Dokdo during the last 4 years (2005w2008) was 14.0 C which is higher than that of Ulleungdo Island (12.8 C) by 1.2 C but when considering the altitudinal difference between the two monitoring points, the actual temperature will be very similar.
Dokdo was designated and is preserved as Natural Monument, No. 336. and as the surrounding areas are recognized as a treasure for its ecosystem, they are maintained as a natural environment conservation district (Ministry of Foreign Affairs, 2013) . In addition, Dokdo is oceanic island that has not been connected to mainland along with Ulleungdo Island and thus, it is a critical area to study its history, island biogeography and plant evolution (Sun et al., 1996, Hyun and Kwon, 2006) . Many studies on flora, vegetation, ecology in Dokdo have been conducted (Lee, 1952 , Lee and Joo, 1958 , Yang, 1961 , Lee, 1978 , Lee and Yang, 1981 , Yim et al., 1981 , Lee, 1990 , Kim et al., 1996 , Sun et al., 1996 , Kim, 1998 , Shin et al., 2004 , Hyun and Kwon, 2006 , Kwon, 2008 , Lim and Choi, 2008 , Park and Lee, 2008 , Yoon and Hwang, 2008 , Kim et al., 2009a , Kim et al., 2009b , Lim et al., 2009 , Song and Park, 2012 , and cytotaxonomic studies on native plants and studies on molecule system have recently been conducted (Sun et al., 2002 , Kim, 2007 , Kim, 2010 , Park, 2010 . Early plant research have difficulties in investigation due to the limited access to Dokdo but now research facilities installation and various experimental research are being carried out to firmly stress the importance of Dokdo. This study aims to examine the characteristics of distribution with focus on species, to evaluate the distribution and ecology risk of naturalized plants and to provide fundamental data for systematically securing and preserving the quality ecosystem of Dokdo.
Materials and methods
The survey on plants of Dokdo was conducted a total of 5 times from June 2012 to September 2013. The field investigation of the Seodo was carried out two times due to the weather condition and other circumstances on that investigation day ( Figure 1 , Table 1 ). Except the trail areas, it was difficult to access and thus some areas were complementarily investigated using a telescope. The distribution of plants in the Dongdo and the Seodo were separately surveyed and it is recorded and collected on the field. In order to secure the specimens, basically more than one piece of each species was collected. And some planted species were excluded in the inventory list. Collected plants were made into dry specimen and are stored at the Korea National Arboretum Herbarium (KH). The identification of taxonomic group were carried out according to Lee (1980 Lee ( , 2003a Lee ( , 2003b , Lee (1996a Lee ( , 1996b , and naturalized plants were identified referring to Park (1995 Park ( , 2001 Park ( , 2009 ), Lee et al. (2011) . Also, specific plants were classified according to Ministry of Environment and National Institute of Environmental Research (2006) , endemic plants according to Oh et al. (2005) , National Institute of Biological Resources (2011), and rare plants according to Korea National Arboretum (2008) .
Results

Vascular flora
The number of plants in Dokdo surveyed in this study was 60 taxa in total: 29 families, 49 genera, 55 species, 2 subspecies and 3 varieties (Appendix 1). The species are composed of pteridophyta with one taxon, dicotyledones of angiosperm with 39 taxa, and monocotyledon with 20 taxa (Table 2) . By family composition, Poaceae (16 taxa) and Compositae (6 taxa) take up the most proportion (Appendix 1). By regional groups, 53 taxa of 27 families, 44 genera were surveyed in the Dongdo and 38 taxa of 23 families, 34 genera were surveyed the Seodo. Among the whole surveyed plants, the plants distributed in both regions are 31 taxa: Tetragonia tetragonoides (Pall.) Kuntze, Dianthus longicalyx Miq., Sagina japonica (Sw.) Ohwi, Chenopodium album L., Euonymus japonicus Thunb.. Although the Dongdo and the Seodo are located within short distance, some plants showed a limited distribution. The plants only appeared in the Dongdo were 22 taxa: Metaplexis japonica (Thunb.) Makino, Echinochloa crus-galli (L.) P.Beauv., Miscanthus sinensis var. purpurascens (Andersson) Rendle, Orobanche coerulescens Stephan etc while 7 taxa such as Campanula takesimana Nakai, Sagina maxima A.Gray, Elaeagnus macrophylla Thunb., Poa annua L. etc were appeared only in the Seodo. According to a recent study on Dokdo (Sun et al., 2002 , Shin et al., 2004 , Park and Lee, 2008 , Song and Park, 2012 , the overall number of taxa surveyed in Dokdo was from 40 to 60 but the total number of species was confirmed to be 107 taxa of 34 families, 69 genera in all study (Appendix 1). The reason why there is difference in the inventory lists could be the extermination or omission of some plants occurred per each research though it is believed that differences have mostly been resulted by the case that plants were misidentified or their characteristics were classified depending on each researcher's taxonomic opinion . Also, there has been an influx of the outside species and soil by continuous planting events (Kim, 1998, (Table 4) , and most of them show a limited distribution in coastal areas, inland or Ulleungdo area.
Distribution and taxonomical characteristics of major plants
Most of the plants distributed in Dokdo inhabit in Ulleungdo Island but there are various opinions on their vegetation and taxonomy depending on each research. With respect to several major species from current research, the characteristics of the species distribution with taxonomical opinions from this study were discussed as follows.
Fallopia sachalinensis (F.Schmidt) RonseDecr
This species shows limited distribution in Ulleungdo Island, Korea and is confirmed only in the Seodo of Dokdo. It is distributed on the upper slope behind the fishermen's house and the northern slope towards Mulgol, showing widespread population. This is seen as a cosmopolitan species of the Seodo. It is assumed either this species was introduced from Ulleungdo Island since 1978 in order to maintain moisture in the Mulgol area or it was germinated from the soil imported from Ulleungdo Island . It is an herbaceous perennial plant growing to 2e4 m tall, with strong, extensively spreading rhizomes forming large clonal colonies. Such growth characteristics may disturb the eco-system of Dokdo that has a small area Lee, 2008, Kim et al., 2009b) and may further cause a extinction of other species. Even in overseas countries, F. sachalinensis has been designated as invasive alien plant threatening eco-system (Skubata, 2013 , The Belgian Biodiversity Platform, 2014 . Although it is a native species, it still needs to be studied regarding its effects on the ecosystem of Dokdo.
Stellaria neglecta Weihe Lee et al. (2009) has discovered this species in Haenam, Jeollanam-do and has reported as a newly recorded species in Korea. Compared to its related species, S. media (L.) Vill., it is generally larger in all its parts and it is distinguished by its dark green stem and tuberculate seed. A few of this species were confirmed in the complex of Fallopia sachalinensis in Mulgol area of the Seodo and the water-purification facility area in the southwest slope of the Dongdo. It is not clear whether it is the indigenous plants or nonindigenous plants though it is assumed this species has been introduced from outside since it is distributed in areas where human interference has occurred. The quantity of these plants is small but this species appears not to be affected by F. sachalinensis, it is expected to continuously maintain its distribution.
Achyranthes bidentata H.Lev. & Vaniot
Achyranthes bidentata and A. bidentata var. japonica Miq. are recorded as genus Achyranthes in Korea (Korea National Arboretum, 2012). These two existing taxa used to be distinguished by the hair of plant, form of the inflorescence, the number of vein on perianth and the size of appendages at the base of the spikelet (Ohwi, 1984 , Kitamura and Murata, 1990 , Bao et al., 2003 , Ohashi et al., 2008 , Table 3 The history of planting trees in Dokdo (Kim 1998 but when investigating the same plants or the samples collected from the identical area, it was difficult to identify the two taxa because various variations had occurred within the identical plants.
According to a recent study, the basic species, A. bidentata are also synonymized with A. bidentata var. japonica or was recognized as A. bidentata in a wide sense (Clemants, 2006 , Yonekura, 2012 , The Plant List, 2013 . In this study, the term, A. bidentata in wide sense was used following the recent trend but it is required to have a more clear taxonomic classification between two taxa through comparing their characteristics of vegetation, external appearance and molecule system. This species is sporadically distributed in the Dongdo and the Seodo.
Lonicera insularis Nakai This species shows limited distribution in Ulleungdo Island, Korea (Kim, 2010 , National Institute of Biological Resources, 2011 . It is confirmed to be distributed in the vicinity of water-purification facility area of the Dongdo and in the slope of Mulgol area in the Seodo. There were not many populations of this species but they appeared to be in good condition. However, the species in the Seodo inhabit with Artemisia montana (Nakai) Pamp., Fallopia sachalinensis and F. sachalinensis may have influence on the growth of the species. Sun et al. (2002) and Kim (2010) argued that Lonicera insularis in Ulleungdo Island was derived from the related species, L. morrowii A. Gray that was introduced from Japanese Island, Oki going through Dokdo first. They recognized this species as a original vegetation of Dokdo. However, Kim (2010) mentioned that this species may have been planted as L. insularis does not have any difference with the Lonicera insularis Nakai in Ulleungdo Island both morphologically and molecularly, and the species have no record on its distribution before 1974.
Campanula takesimana Nakai
This is an endemic plants distributed only in Ulleungdo Island, Korea (Oh et al., 2005 , National Institute of Biological Resources, 2011 . Few populations inhabit on a crevice of rock in Mulgol area of the Seodo. Since Fallopia sachalinensis community occupied all over the adjacent area, there is hardly any area left for other plants. The rocks appear to be the last refuge of this species because of the continuous reduction in the habitat area. But there still is a high possibility that even these little populations could become extinct due to the pressure of F. sachalinensis. While Hyun and Kwon (2006) , Park and Lee (2008) and Kim et al. (2009b) judged that all of this species have been planted, Sun et al. (2002) raised a possibility of autogeny since the species were distributed in areas where it is difficult to access.
Aster sphathulifolius Maxim
Kim (2007) said that A. sphathulifolius distributed in Ulleungdo Island and Dokdo is clearly distinguished from that distributed in coast and inland areas in terms of genetic trait. Also, he mentioned this species as A. oharai Nakai because the leaves are less sticky due the little glandular hair on the leaves, the involucres (inner and outer involucral bract) are longer and larger and the corolla of ray and disk floret has more hair. Even though there is a genetic difference, there are various views on this species as it does not have specific quantitative traits morphologically compared to A. sphathulifolius (Park and Lee, 2008 , Kim et al., 2009b , Park, 2010 . Since it is not morphologically classified, it is called A. sphathulifolius in this study. A detailed comparative study is required for this species. It is evenly and sporadically distributed throughout Dokdo.
Asparagus rigidulus Nakai
The genus Asparagus is distributed both in the Dongdo and the Seodo. It is generally recorded as A. cochinchinensis (Lour.) Merr. or A. schoberioides Kunt (Sun et al., 2002 , Hyun and Kwon, 2006 , Park and Lee, 2008 . Recently, Cho and Kim (2012) classified this species distributed in Dokdo into A. rigidulus based on its external appearance and Internal Transcribed Spacer (ITS) sequences. For the main feature of this species, the pedicle is longer than 1.5 mm which is distinguished from A. schoberioides of which the pedicle is shorter than 1 mm. The results of field investigation and sample observation of this study correspond with Cho and Kim (2012) . This species is sporadically distributed in the southwest slope of the Dongdo and few populations are distributed along the slope of Mulgol in the Seodo.
Echinochloa crus-galli (L.) P.Beauv
Up to recently, the genus Echinochloa recorded in Dokdo were all known as E. crus-galli. However, there has been a controversy about the substance of taxonomic group while calling few of them that have a long awn as E. crus-galli var. echinata (Willd.) Honda , Kim et al., 2009b . The traits of E. crus-galli and E. crus-galli var. echinata are not distinct, it is difficult to distinguish the taxonomic group , some researchers synonymize E. crus-galli var. echinata with E. crus-galli to view the species as ecotype (Koyama, 1987 , Choi et al., 2013 . Since Honda (1923) misquoted the basic name (Panicum echinatum Trin., Gram. Panic. 137 1826: Illegitimate) when reporting this species, and thus the scientific name currently used is invalid and cannot be used (Zuloaga and Morrone, 2003, Tropicos, 2014) . Even the species discovered in the Dongdo that was presumed to be E. crus-galli var. echinata is judged to be classified as E. crus-galli since there are many variations occurred in the existence of awn and length. It is necessary to conduct morphological, ecological and molecular studies on these two taxa to distinguish the difference of species.
Currently, it is distributed mostly on the southwest slope of the Dongdo and is continuously spreading.
Miscanthus sinensis var. purpurascens (Andersson) Rendle
The genus Miscanthus is distributed around the security facility in the Dongdo. It was first reported as M. sinensis var. purpurascens by Lee and Joo (1958) , but in later studies, it was recorded as M. sinensis Andersson (Sun et al., 2002 , Lim et al., 2009 . Lee (1964) determined the traits of two taxa by the color of spikelet, the number of vein on the first glume while Chung (1965) determined the traits of taxa by the existence of pubescence of the first glume. Among the traits of genus Miscanthus for its identification, the color of spikelet was excluded as it is difficult to recognize even from the identical individual. The genus with pubescence on the first glume and four veins was identified as M. sinensis var. purpurascens. Previous studies defined it as M. sinensis but it is assumed to be misidentified. Since Shin et al. (2004) recorded both taxa, it is required to conduct more detailed investigation on the field. Currently, it is distributed around the slope by the security facility of the Dongdo forming a population.
Puccinellia nipponica Ohwi
This is a newly reported poaceae in this study and is distributed in south-facing slope areas of the Seodo. The flowering period is from May to June that is similar to Festuca rubra. It is thought that this has not been recognized because the sizes of individuals are small and have similar appearance with Festuca rubra. It is pale green in overall and inflorescence hangs diagonally. There are few populations inhabiting with F. rubra, Lysimachia mauritiana Lam. Sedum oryzifolium, Atriplex gmelinii C.A.Mey. in the same area.
Characteristics of naturalized plant distribution
The naturalized plants recorded to be distributed in Dokdo are total 6 taxa as of recent (Song and Park, 2012) . Besides, Sun et al. (2002) , Hyun and Kwon (2006) , Park and Lee (2008) , Kim et al. (2009b) defined Fallopia sachalinensis, Hibiscus syriacus L. etc that are not native vegetations of Dokdo as naturalized plants in wide sense. The definition of naturalized plants varies depending of the researcher's opinion. In this study, total 7 taxa were identified as naturalized plants. It is highly assumed that these plants were introduced by birds or human instead of natural influence such as ocean currents or wind. The identified naturalized plants were divided into two categories based on the characteristics of their distribution and growth: a) the naturalized plants having a wide distribution, forming many population and maintaining vegetation or occupying a dominant position in the competition with native species is categorized as High Concern (HC), b) the naturalized plants having a limited distribution, forming only one population or having a low position in the competition with native species is categorized as Low Concern (LC).
Chenopodium album L. (HC: High Concern)
It is an annual plant of Chenopodiaceae. It is sporadically distributed on the southwest slope, around the security facility and from the fishermen's house to upper area of the Seodo. Generally, it has thick and shiny leaves, the size of individuals vary depending on the surrounding environment. As of today, it appears to successfully settle and have stable populations. This species usually occurs in the areas abundant in sunlight, where many rocks are exposed and human interference exists. It is confirmed not to have a significant influence on the vegetation of Dokdo but since it is rapidly settling down in the areas where the existing vegetation is being declined, it is expected to be dominant over other existing species. Song and Park (2012) considered that this species was first reported in 2004 but according to Park and Lee (2008) , C. album var. centrorubrum Makino was initially recorded in 1956. However, as it was difficult to identify the difference between C. album and C. album var. centrorubrum Makino at that time, it is still not clear when this was introduced.
Brassica juncea (L.) Czern. (HC: High Concern)
It is an annual plant of Cruciferae. With the water-purification facility area in the southwest slope of the Dongdo as the center, this species is sporadically distributed or forming a large populations in the surrounding areas. It appears to proliferate along the slope and is expected to disturb the vegetation and to form a large population complex in the future. Also, even it is a single individual; it is big, takes a large area and hinders the growth of other plants. Therefore, it is considered to be urgently removed and maintained. While Song and Park (2012) considered that this species is first recorded in 2006, according to Kim (1998) , Lim and Choi (2008) , it was confirmed to be recorded since 1980.
Ipomoea purpurea Roth (LC: Low Concern)
It is an annual plant of Convolvulaceae. This species is distributed on a small scale around the water-purification facility area in the southwest slope of the Dongdo. According to Park et al., 2010 , it is presumed that this species was recently introduced (2008), and is continuously growing. As of now, its population is small and does not affect other vegetation. However, a continuous monitoring is required since this species has vegetation characteristics to grow covering or coiling other plants and this may cause damage to other plants.
Sonchus asper (L.) Hill (HC: High Concern)
It is a biennial plant of Compositae. A small population of this species is distributed on the southwest slope, around the security facility and from the fishermen's house to upper area of the Seodo. Its distribution was newly recorded in 2012. Since the appearance is similar to the existing distribution species, S. oleraceus L., it may have been left off the previous studies. S. oleraceus was initially recorded by Lee and Joo (1958) and is presumed to have been introduced before 1958. However, it is difficult to estimate exact period that S. asper was introduced. Its seed is a dispersal unit that is dispersed by wind. Therefore, it is concerned that this could spread over very long distances. It requires attention as it could take root even in the shallow ground.
Sonchus oleraceus L. (HC: High Concern)
It is an annual or biennial plant of Compositae. This species is widely distributed in the Dongdo and the Seodo. This species has been reported since 1958 Joo, 1958, Lim and Choi, 2008) and continuously appear as of today. Therefore, it is considered that this species almost settled in Dokdo. Its seed is a dispersal unit that is dispersed by wind like S. asper. Since it is distributed over a wide area, it requires attention. Its distribution is generally concentrated along the trails but there is a record ) that this species was observed inside of Cheonjanggul Cave in the Dongdo. Therefore, it is necessary to be cautious of its wide proliferation.
Bromus catharticus Vahl (HC: High Concern)
It is a perennial plant of Gramineae. It is sporadically distributed on the southwest slope and the summit of the Dongdo. The population is small but is continuously becoming widespread. Since it repeats flowering and fruiting from spring to late summer, a rapid proliferation of population is concerned. This species has been recorded since 2006 (Hyun and Kwon, 2006) , it only appears in the Dongdo. Accordingly, its spreading power is assumed to be low.
Poa pratensis L. (LC: Low Conern)
It is a perennial plant of Gramineae. This species forms a population in the vicinity of the water-purification facility by the southwest slope of the Dongdo. It appears to only maintain a small population due to the pressure of surrounding plants such as Elymus tsukushiensis var. transiens, Artemisia japonica subsp. littoricola and Brassica juncea (L.) Czern. Although this species has been recorded since 2006 (Hyun and Kwon 2006) , when judging from the size of current population, the chance of its survival is low in the future. However, it still needs to be monitored as the area has a high possibility of change in vegetation environment. In addition, as this species appears to continuously maintain the population by flowering and fruiting in the early spring, it is required to check on the status of distribution in surrounding areas during the flowering period.
Although Kim et al. (2009b) mentioned positive effects of naturalized plants such as soil erosion control and soil quality improvement by soil mulching of naturalized plant, due to the geographical environment and characteristics of Dokdo, negative effects such as ecosystem disturbance are considered more significant. And it is considered that a continuous monitoring and maintenance are required. The naturalized plants distributed in the neighboring island, Ulleungdo Island are estimated to be a total of 80 taxa (Kil et al., 2006 , Jung et al., 2013 , and all the species distributed in Dokdo inhabit in Ulleungdo Island. In conclusion, there is a strong possibility that most species in Dokdo have come from Ulleungdo Island. Accordingly, it is judged that the maintenance of naturalized plants in Ulleungdo is as important as that in Dokdo.
Discussion
Dokdo is a barren area where has a shallow soil depth, high salinity in soil, sea fog and heavy wind throughout the year and bird excrement and all of these conditions make the environment unfavorable for plants to grow (Park and Lee, 2008) . Regardless of the poor conditions, the plants investigated in this study are total 60 taxa. Considering that fact a comprehensive research was not conducted, the actual number of species will be more than 60 taxa. Also, as it shows similar taxa and number of species compared to recent studies (Sun et al., 2002 , Shin et al., 2004 , Park and Lee, 2008 , Song and Park, 2012 , it is expected to continuously maintain a similar species composition. As of today, there are many different opinions on the original vegetation of Dokdo (Sun et al., 2002 , Shin et al., 2004 , Kim et al., 2009b , and some researchers suggested a restoration of vegetation (Kim, 1998 , Shin et al., 2004 . Above all, due to the characteristics of oceanic island, it is urgent to remove or restrict the proliferation of Fallopia sachalinensis and other naturalized plants that could disturb Dokdo's ecosystem. Also, as previous researchers mentioned (Park and Lee, 2008 , Kim et al., 2009b , importing heterogeneous foreign plants is inappropriate, keeping and maintaining the current vegetation is the best policy for protecting the biodiversity of Dokdo.
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